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@ Motor. 

® A motor Includes a field magnet system (1) comprised of plural permanent magnetic poles arranged in cirlce 
and an armature with plural poles (3) each facing to the magnetic poles of the field magnetic system. The 
widthwise length (h) of a magnetic flux generating area of the pemnanent magnetic poles (1) varies with, the 
rotational angle to eliminate a cogging torque caused by higher harmonic wave components of the magnetic flux. 
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MOTOR 



BACKGROUND OF THE INVENTION 



5 I. Reld of the Invention 

The present Invention relates to a motor, and more particularly, to a core type motor, which reduces Its 
cogging torque up to the utmost limits, and which controls its torque ripples, caused by a driving current, at 
the state of almost zero cogging torque. 

70 : 

2. Prior Art 

A schematic cross-sectional view of a prior art motor is shown in Fig. 14(a), which essentially comprises 
75 two magnetic pieces 1. a magnetic yolce 2 and an armature 3. The magnetic pieces 1, each made of a 
semi-circular permanent magnet, are fixed to the magnetic yoke 2 and are arranged In circle such that the 
their magnetic poles facing the the armature 3 are N-pole and 5-pole, respectively. The armature 3 is 
rotatable about a rotating axis 5 and provided with three protruding poles whose top ends extend a 
predetermined, length in the peripheral direction, respectively. Each of the protruding poles has a coil 4 
20 wound therearound and energized in a known manner. The top end surface of each of the protruding poles 
faces the magnetic poles of the magnetic pieces 1 with a gap g . The rotating axis 5, together with the 
armature 3 and the magnetic pieces 1. are supported by a supporting member (not shown). Fig. 14(b) is a 
view illustrating the distribution of the magnetic flux density on the magnetic pole surface, in the motor 
rotating direction. 

25 in such kind of prior art motor, a cogging torque has been a serious problem, because it causes a big 
problem of torque ripple. For this, several methods have been proposed to reduce the cogging torque. For 
example, one of them adapts measures to distribute the magnetization of the magnetic pieces 1 sinusoidal- 
ly in the motor rotating direction, and another one adapts measures to control a magnetized angle of the 
magnetization of the magnetic pieces 1 (see Japanese Patent Laid-Open No. 61-254,045/1986, However, no 

30 methods have been succeeded to eleminate the cogging torque completely. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a motor which allows to eliminate tiie 
cogging torque almost completely. 

It is another object of the present Invention to provide a motor which can control a torque ripple due to 
a drive current at the state of substantially no cogging torque. 

40 In accomplishing the foregoing objects, there Is provided in accordance with the present invention a 
motor comprising: a field magnet system comprising m -number of permanent magnetic poles arranged in 
circle such ttiat adjacent two permanent magnetic poles have opposite polarity to each other; and an 
armature with p -number of poles, the top end of each of the poles facing the magnetic poles of the field 
magnet system": said field magnet system having a magnetic flux generating area whose widthwise length h 

45 (a) perpendicular to the rotational direction of the armature varies with a rotational angle d of the armature in 
accordance with the following formula: 

oo oo 
h ( 6 ) = ho + Z ancos ( 2 tc. n 9 / T ) + 2 bnsin (2 itnO/T) (l) 

wherein n is an integer of (i x j)t 1 where j is an even number of 2 to 20, 

an is a coefficient for cosine components when expanding the widthwise length In a series. 

bn is a coefficient for sine components when expanding the widthwise length in a series and is not zero for 
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at least on© value of n . 

T Is a period of rotation of the armature through an angle conrespondlrig to the peripheral length of a pair of 
adjacent N-pole and S-pole, 

i Is an integer given by p/q where q is the greatest common measure of m/2 and p , and 

5 ho is equal to H when 0 i « < tt and equal to -H when ir ^ a < 2n where H is a standard widthwise length of 
the field magnet system and its positive and negative sign only indicates its polarity 
In the above formula (1). "standard widthwise length" means the constant widthwise length Into which no 
variation Is incorporated. Namely, it con^esponds to the widthwise length of the prior art motor and does not 
include the change of polarityVin the prior art motor, h is equal to H when OiB<^ and equal to -H when n 

10 ^ 0 < 2^. and the coefficients a„ and b„ are all zero. 

. The feature of the present invention is to employ the field magnet system satisfying the above formula. 
I^ore specifically, a specific magnetized pattern may be given to the permanent magnets, or a shape of 
permanent magnets may be changed so that whose widthwise length satisfies the above conditions. 
Further, a part of the magnetic pole surface of the permanent magnets may be covered with a thin soft 

15 magnetic material so that the widthwise length of the effective magnetic pole areas facing the poles of the 
armature satisfies above conditions. 

With such configuration, a cogging torque can be reduced sufficiently, and also a'torque ripple can be 
eliminated at the condition of substantially zero cogging torque. 

The present invention also provides a method of trimming a torque characteristic of a motor comprising 

20 a field magnet system with a constant widthwise length comprising plural permanent magnetic poles 
arranged in circle such that the adjacent two permanent magnetic poles have opposite polarity to each 
other, and an armature with plural poles, the top end surface of each of the poles facing the magnetic poles 
of the field magnet system, said method comprising the steps of: measuring the distribution of the magnetic 
flux generated by the field magnet system relative to the rotational angle of the annature; evaluating the 

25 harmonic wave components of the magnetic flux generated by the field magnet system by expanding in a 
series a function expressing the distribution curve of the magnetic flux; measuring the cogging torque 
generated by the field magnet system relative to the rotational angle of the armature; examining the 
relationship between the harmonic wave conponents of the magnetic flux and the cogging torque; and 
adjusting the widthwise length of the magnetic flux generating area of the field magnet system by 

30 incorporating into the widthwise length the variation corresponding to the selected harmonic wave compo- 
nents which cause the cogging torque to be eliminated. » 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 , 

Fig. 1(a) is a. schematic view in cross section of a motor of the embodiment of the present invention, 
Fig. 1(b) is a perspecive view illustrating magnetic pieces in Fig. 1, 
Fig. 1(c) is a front development of another example of the magnetic pieces in Fig. 1. 
40 Fig. 1(d) is a perspective view illustrating the magnetic pieces in Fig. 1(c), 

Figs. 2(a) to 2(d) explains how to add the fifth-order mode to the fundamental mode. 
Fig. 2(a) is a view illustrating the. fifth-order mode schematically, 
Fig. 2(b) is a view illusti-ating the fundamental mode schematically. 

Fig. 2(c) is a view illustrating a magnetic pole surface including a magnetic flux generating area therein, 
45 Fig. 2(d) is a view illustrating a magnetic pole surface whose whole area coincides with a magnetic flux 
generating area, 

Fig. 3 is a view illustrating the distribution of the mangetic flux density on the magnetic pole surface of 
the prior art motor relative to the rotational direction. 

Fig. 4 Is a view illustrating cogging torque characteristic of the prior art motor, 
50 Fig, 5(a) is a view illustrating the magnetized pattern of tiie permanent magnets into which fifth-order and 
seventh-order modes are incorporated in accordance with the present invention. 

Fig, 5(b) is a view illustrating, the magnet shape of the permanent magnets into which fifth-order and 
seventh-ordei' modes are Incorporated in accordance with the present invention, 
Fig. 6 is a view Illustrating cogging torque characteristic of the motor using the permanent magnets in 
55 Fig. 5, 

Fig. 7{.a) is a view illustrating the magnetized pattern 'of the permanent magnets into which only fifth- 
order mode is incorporated in accordance with the present invention, . 
Fig. 7(b) is a view illustrating the magnet shape of the permanent magnets into which only fifth-order 
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mode is incorporated in accordance with the present invention. 

Rg. 8 is a view illustrating cogging torque characteristic of the motor using the permanent magnets in 
Fig. 7. 

Fig. 9(a) is a view illustrating the magnetized pattern of the penmanent magnets Into which fifth-order and 

eleventh-order modes are incorporated in accordance with the present invention. 

Rg. 9(b) is a view illustrating the magnet shape of the penmanent magnets into which fifth-order and 

eleventh-order modes are Incorporated in accordance with the present invention. 

Fig. 10 is a view illustrating cogging torque characteristic of the motor using the permanent magnets in 

Fig. 9, 

Fig. 1 1 is a view illustrating driving torque charac terlstics when fifth-order mode is incorporated in the 

penmanent magnets In the prior motor. 

Rg. 12 is a view illustrating the distribution of the surface magnetic flux density of the motor using the C- 
shaped permanent magnets, 

Fig. 13 is a view Illustrating driving torque characteristics when fifth-order mode is incorporated in the 
permanent magnets in the prior art motor, 

Fig. 14(a) is a schematic view in cross section of a prior art motor having permanent magnets whose 
* magnetization directs along the radidl direction. 
Fig. 14(b) is a view illustrating the surface magnetic flux density on the magnetic pole surface in the 
motor of Fig. 14(a), 

Fig. 15(a) is a schematic view in cross section of a prior art motor having permanent magnets whose 
magnetization directs along specified one direction, 

Rg. 15(b) is a view illustrating the surface magnetic flux density on the magnetic pole surface in the 
motor of Rg. 15(a). 

Fig. 16 is a schematic view in cross section of a prior art motor having four permanent magnets and 15 
protruding poles, 

Rg. 17 is a schematic view in cross section of a prior art motor whose protruding pole has an auxiliary 
groove formed therein, and 

Fig. 18 is a schematic view in cross section of a prior art motor using C-shaped permanent magnets. 
. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The principle on which the present invention is based is described prior to the explanation of the. 
embodiments. For this purpose, the simplest motor with two magnetic poles and three protruding poles, as 
shown in Fig. 14(a). is exemplified. 

Generally, a torque TO of a radial gap type motor is expressed by the following equation (2): 

V 0 R 2% 

T Q = — / ( fl ) • Fe( fl ) d fl (2) 



where F^ (a) is an amount of magnetic flux along the radial direction within the gap g . 
F, {$) is an amount of magnetic flux along the rotational direction within the gap g . 
R is a radius at the location of the gap g , and , 
V q\s a reluctivity in the gap g . 

in Fig. 14(a). </> is specified as an angle subtended, in the motor rotational direction, by the pole surface 
of the protruding pole, and fl o is specified as an angle formed by the one end, In the motor rotational 
direction, of the. pole surface of the protruding pole and a reference angular position. As shown in the above 
equation (2), since the torque TQ Is generated in accordance with the product of Fr(fl )♦ F^ {e % it may be 
considered that the torque TQ is generated only within the gap between the protruding pole and the 
permanent magnet, where the magnetic flux density becomes large. Accordingly, It is sufficient to perform 
the integral in the above equation (2) only over the range within the gap where the protruding pole exists. 

If it is assumed that F,(fl ). the amount of magnetic flux along the radial direction, Is generated by the 
magnetic poles of the magnetic pieces 1, the distribution of the magnetic flux relative to the rotational angle 
can be expressed in a composite form of the fundamental c;ine wave component and higher harmonic sine 
waves component. Namely, if T is defined as one period of rotation of the armature through an angle 
coressponding to a pair of N-pole and S-pple. which is 2ir in this case, 2 ir n d / T is written as ne . then F^ 
(fl) can be expressed as follows: 
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oo 

F^id ) - F 0 (sin e + Z 13 n • sin n 0 ) (3) 

• n = 2 ; 

where Fo is a constant, n Is an integer larger than 1 and i9n is an is a mixing ratio of n-th-order component, 
to the fundamental (ifirst-order) component 

If ffn is written as {bn/bi ) and Fo is equal to bi in the above equation (3). the form of the rewritten 
equation coincides that of the equation (1) wherein both constant ho and cosine components are zero. 
Therefore, it Is understood that the amount of magnetic flux F, (a ) has a linear relationship to the widthwise 
length h{$ ) of the magehtic flux generating area. 

The amount of magnetic flux Fs (fl ) along the rotational direction can be obtained by differentiating P,{Q 
) by rotational angle, which Is expressed as follows: . 

dFr( « ) oo X /.X 

FiD(0.)= "- =-F o(cos 0+2 15 n • ncosn 6 ) -(4) 

id .0=2 



Now considering only the fundamental wave component and n-th-order (specified one) wave component in 
20 the product of Fr(d )• F, (a ) in the. above equation (2), the product is rewritten as follows: 



■ ..Fr ( fl ) • F e( ) - - Fr ( 0 ) 



= - F o' ranZ +" ^ ^ " (sin(n^l) 0-sin(n-l)0} . 
2 .2 . 

30 o 

. ^(san(na) 0 +sin (n- 1 ) 6 } + ^.n'sinn 9 -cosn fl ] 

2 , ...(5) 

In the above equation (5), the last term Is negligible because the ratio ^ n of the n-th-order wave 
component to the fundamental wave component is usually small, therefore, j9 is considered to be 
considerably smallier than 1 (jS n^<K 1). 

If the magnetic flux F,(fl ) generated by the magnetic piece 1 contains only the k-th-order component, 
the product Fr(e yf^ [d ) in the above equation (2) is rewritten as follows: 



When the magnetic flux generated by the magnetic pieces 1 has a single higher-order sine wave 
component, a cogging torque is generated if the order Is equal to an integer times of the number of the- 
protruding poles {3, 6, 9.... in. the motor of this case), and otherwise a cogging torque is hot generated. In 
other words, in this motor, a cogging torque is generated when n± 1 is equal to an integer times of . 3 in the 
above equation (5). Comparing the equations (5) arid (6), it is clearly understood that nt 1. corresponds to 
2k. Namely, a cogging torque is generated in this motor when n-th-order mode of the magnetic flux 
satisfying the condition that (nt l)/2 is equal to a multiple of 3 Is jadded to the fundamental mode. For 
example, In the case of n = 5. no cogging torque is gerierated when only fifth-order mode exists in the 
magnetic flux, but a cogging torque due to single third-order mode is generated when only a small amount 
of fifth-order mode is added to the fundamental mode, that is. when (5£ 1)/2 = 3. On the contrary, when the 
higher-order mode whicll is apt to cause a cogging torque by itself, is combined with the fundamental 
mode, the higher-order mode affects only the term t? in the equation (5), therefore, a cogging torquig is 
generated only a little. " 
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In consideration of the above matters, the present invention intends to eliminate the cogging torque by 
adjusting the widthwise length of the magnetic flux generating area of the field magnet system by 
incorporating into the widthwise length the variation corresponding to the selected harmonic wave compo^ 
nents which cause the cogging torque. 

5 The number m of protruding, poles in the present invention coincides with the number of coils 4 
. composing each phase In the case of motor provided with normal concentrated windings as shown in Rg. 
14(a). However, in the case of motor provided with a large number of protruding poles and distirbuted 
windings as shown in Rg. 16. the number m Is not the number of cpils 4, but tfiie number of protruding 
poles itself In addition, in the case of motor with main protruding poles In each of which is formed an 

70 auxiliary groove as shown in Rg. 17, the number m is the number of these small protruding portions. 
Hereinafter the embodiments based on the principle of the present invention will be explained. 
Rgs. 1(a) to 1(d)'are sctiematic views showing the first embodiment of the present invention, in which 
the principie is applied to the radial gap type motor with two magnetic poles, three protruding poles and 
concentrated windings (not shown) as shown in Rg. 14(a)i In this motor, the magnetic pieces 1 have a 

75 magnetized area whose widthwise length h . perpendicular to the motor rotational direction, includes an 
adjusting amount conresponding to higheF harmonic wave components as shown in Rg. 1(b), or the 
magnetic pieces have a shape so that whose widthwise length h includes an adjusting amount correspond- 
ing to higher harmonic wave component as shown in Rgs. 1(c)~and (d). In this specification, the widthwise 
length h means a length of the magnetized area along the direction of the motor rotational axis in case of 

20 . the radial gap type motor, and means. a length of the same along the radial direction of the motor in case of 
the axial gap type motor. 

Rgs. 2(a) to 2(d) are schematic views explaining the method of incorporating the fifth-order harmonic 
wave component into the fundamental wave component. Rg. 2(a) shows the fifth-order mode and Rg. 2(b) 
shows the fundamental mode, but for simplicity, the shape of the fundamental mode is not represented by a 
25 sine wave, but by a rectangle in Rg. 2(b). The combination of the modes in Rgs. 2(a) and 2(b) gives the 
pattern in Rg. 2(c) or the shape in Rg. 2(d). It is understood that only a change of the widthwise length of 
the magnetized area of the permanent magnets enables to incorporate higher-order mode into the 
fundamental mode. 

The direction of magnetization of the permanent magnet used in the prior art motor is usually along the 
30 radial direction, as shown in Rg. 14(a), or along specified one direction as shown in Rg. 15(a). The 
magnetic flux on the magnetic pole surface of the magnetic pieces 1 distributes in a sinusoidal form in the 
case of motor of Rg. 15(a), and in a rectangular or trapezoidal form in the case of motor of Rg. 14(a). 
However, even if the magnetic flux distributes in a rectangular or trapezoidal form, when a function 
representing the distribution of the magnetic flux, is expanded in a Fourier series, its largest component is 
35 the first*order, fundamental wave. Accordingly, it is sufficient to investigate the incorporation of higher-order 
mode into the fundamental mode. 

Rg. 3 shows .the distribution of the magnetic flux on the magnetic pole surface of the magnetic pieces 1 
in the prior art motor as shown In Rg. 14(a). This magnetic flux includes higner odd-number-order modes in 
addition to the fundamental mode. The cogging torque of this motor is shown in Rg. 4. As seen from Fig. 4, 
40 the cogging torque Includes components having period of 60*, 30 * and 15*, As described above, the 
cogging torque component having period of 60* is caused from the fifth-order and seventh-order 
components of the magnetic flux. The cogging torque component having period of 30 * is caused from tlie 
eleventh-order and thirteenth-order components. The cogging torque component having period of 15*. is 
caused from the seventeenth-order and nineteenth-order components. 
45 Figs. 5(a) and 5(b) show a magnetized pattern and a magnet shape, respectively, in which -8% of flfth- 
. order mode and -3% of seventh-order mode are incorporated into the fundamental mode in order to 
eliminate the fifith-order mode and seventh-order mode which are originally included in the permanent 
magnets. The cogging torque generated by the motor using such permanent magnets is shown in Fig. 6. 
It is clearly understood from Fig. 6 that the reduction of the fifthrorder mode and seventh-order mode of 
50 the magnetic flux results in the elimination of almost of the cogging torque having period of 60* and leaving 
only more higher-order mode cogging torques. The cogging, torque having period of 30* can be reduced in 
. the same manner as above, by incorporating eleiventh-order mode and thirteenth-order mode in the 
. magnetized pattern or the magnet shape. 

Figs. 7(a) and 7(b) schematically show a magnetized pattern and a magnet shape, respectively, in 
55 which -5% of fifth-order mode is incorporated into the fundamental mode so that the fifth-order component 
coincides with the seventh-order component of the magnetic flux generated by the magnetic poles of the 
magnetic pieces 1. Also, in this case, as shown in Rg. 8, the cogging torque having period of 60 " is found 
to be very small. Namely, the cogging torque generated by the fifth-order mode of the magnetic flux has an 
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opposite phase to that generated by the seventh-order nr^ode. As a result, even If a magnetized pattern or a 
magnet shape Includes both fifth-order component and seventh-order component, the tbtal cogging torque 
becomes so small when the amount (including positive and negative signs) of the former component is at 
the same degree of the latter component and the sign In the former is s^me as the latter. This phenomenon 

5 is very important The modes such as fifth-order one. or seventh-order one gives a large affect on the 
driving torque pattern. Even if a proper amount of fifth-order mode or seventh-order mode is Incorporated 
into a magnetized pattern or a magnet shape depending on a driving form of motor, the cogging torque 
becomes almost zero when the absolute values of them are identical. Accordingly, a. driving torque pattern 
can be controlled at the condition of zero cogging torque. 

70 Rgs. 9(a) and 9(b) schem^itically show a magnetized pattern and magnet shape of the peonanent 
magnets of the motor shown in Fig. 14(a). into which Is incorporated the fifth-order mode and eleventh-order 
mode. Also, in this case, the cogging torque becomes considerably small, as shown in Fig. 10. 
' Rg. 16 shows a prior art motor provided with four magnetic . poles formed by usual permanent 
magnets, 15 protruding poles and distributed windings, which is suitably used for AC servomotor. This 

75 motor generates a cogging torque containing a large number of components having period of 3 . 6 . 
This invention can be applied to this motor as follows: 

In the motor, 
m = 4 (number of magnetic poles), 
p = 15 (number of protruding poles), 

20 q = 1 (greatest common measure of m/2 and p ). 
i = 15 (p/q), and 

j = 2 (an even number of 2 to 20. but for simplicity, j is set to 2 in this example) 
Therefore, n = (I x j)t 1 
= (15x 2) + 1 = 31 or 29. . 
25 Using above values, the equaltion (1) can be rewritten as follows: 
h(0 ) = ho + b29 sin298 + bsi sin316. 

The coefficients b29 and bai can be determined from a chracteristic chart of the cogging torque to minimize 
the cogging torque. 

Fig. 17 shows another type of prior art motor having protruding poles. In each of which is formed an 
30 auxiliary groove. When the present invention is applied to this motor, the number of the protruding poles 
affecting on the cogging torque is considered as six. In this case, n-th order component satisfying that n is 
equal to Q]t 1 where j is a even number of 2 to 20 may be incorporated into the magnetized pattern or the 
magnet shape of the permanent magnets. 

Although in the above embodiments, the adjustment of the widthwise length has been made to the 
35 permanent magnets of the motor, whose magnetization directs along the radial direction, the present 
Invention can be also applied to a motor having permanent magnets whose magnetization directs along only 
one specified direction as shown in Fig. 15(a), for eliminating a torque ripple in the same manner as above. 
In this case, the distribution of the magnetic flux density on the magnetic pole surface is occupied almost 
by the first-order component as shown In Fig. 15(b). Accordingly, the incorporation of n-th order mode into 
40 such permanent magnets by varing the magentlzed pattern thereof in the widthwise direction in this case 
means the incorporation of higher-order mode of /8 „ sin n a 'Islna | Into the magnetic flux. 

Fig. 11 shows what kind of higher harmonic waves are actually added to the magnetic flux pattern when 
n is 5 and )9 5 is 1. It is clear from Fig. 11 that the added fifth-order component is reduced to about 60% of 
its original value, about 20% of negative seventh-order mode Is generated and a small amount of 3k (where 
45 k is an Integer) components are also generated. Accordingly, when the present Invention Is applied to such 
motor, the same effects can be obtained as in the motor using the permanent magnets whose magnetiz- 
ation directs along the radial direction, by cotrolling the added components in consideration of these 
matters. ' . 

Fig. 18 shows still further example, of the prior art motor using C-shaped magnets whose magnetization 
50 directs along one specified direction and whose one pole subtends an ^ngle less than 180 . This invention 
can be also applied to such motor in the following manner. 

Fig. 12 shows a decomposition of a surface magnetic flux, generated by the C-type magnet whose 
subtending angle is 150* into each-order of harnionic waves. In using the permanent magnets magnetized 
in one specified direction. F^(a ) component in the equation (2) is not zero at. the portion where the 
55 permanent magnet does not exists, and a small amount of . higher harmonic waves are added to the 
fundamental wave. When the h-th-order mode is incorporated into the magnetized area of the permanent 
magnet by varying its magnetized pattern, the higer harmonic waves having the following F,(fl ) component 
is actually incorporated into the magnetic flux. * . 
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Fr(9) = fin • Sine • |sinfl| 
(wherefe^a^irv ^iir^e^^) 
F,(fl) = 0 

(where 0^ fl < ^ tr s < 17 ^ ir < a < 2ir) 

5 Rg, 13 shows what kind of higher harmonic waves are acutualty added to the magnetic flux pattern. 
. when n is 5 and fi $ is 1. In this case, the situation is substantially same as the proir art motor using the 
permanent magnets as shown in Rg. 15(a), except that 3k-th and (3k± 1)-th-order components are 
generated in addition to the added components: Accoi'dingly, when the present invention is applied to such 
motor wherein the permanent magnets are not arranged all oyer the peripheral, the same effects as above 

10 can be obtained by incorporating the higher-order modes into the magnetized pattern or the magnet shape 
of the permanent magnets. In this case, it is important to control the amounts of hlgher?order modes to be 
added newly in consideration of the ratio of the higher<»rder modes existing therein originally, because the 
magnetic flux includes a large amount 6i higher-order modes. 

In the case of the motor wherein the field magnet system does not exist at some regions of the 

IS peripheral In the motor rotational direction, when the widthwise length of the field magnet system is 
expanded in a Fourier series in terms of a rotational angle; the Fourier . series includes higher-order 
components. Therefore, the Fourier coefficients may be selected by changing the angle subtended by the 
field magnet system for controlling a cogging torque. However, such method controls only one specified 
mode of cogging torque and does not reduce the absolute value of the cogging torque. For this reason, 

20 such method is not within the range of the present Invention. 

Having described the present Invention- in. connection with embodiments thereof hertofore. it Is to be 
understood that the present invention is not limited to the above embodiments and many modifications can. 
■ be made within the technical concept of the present Inyention. 

25 . 

Claims 

1 . A motor comprising: 

a field magnet system comprising m -number of permanent magnetic poles, arranged in circle such that the 
30 adjacent two permanent magnetic poles have opposite polarity to each other; and 

an armature with p -number of poles, the top end of each of the poles facing the magnetic poles of the field ' 
magnet system: 

. said field magnet system having a magnetic flux generating area whose widthwise length h (a ) perpendicu- 
lar to the rotational direction of . the armature varies with a rotational angle d of the armature in accordance 
35 • with the following formula: 

h(9) = ho+2 anQos ( 2 tc n 9 / T ) + S bnsin ( 2 tc n 9 / T ) 
n=l n=l 

40 

wherein n is an integer of .(j x j)± 1 where j is an even number of 2 to 20, . 
an is a coefficient for cosine components. 

bn is a coefficient for sine components and is not zero for at least one value of n , 

T is a period of rotation of the armature through an angle corresponding to the peripheral length of a pair of 
adjacent N-pole and S-pole, 

i is an integer given by p/q where q is the greatest common measure of m/2 and p , and 

ho is equal to H when 0 ^ 0 < ir arid equal to -H when ir S 6 < Z-n where hi is a standard widthwise length of 

the field magnet system. 

2. A motor as claimed in claim 1, in which said field magnet system has a shape so that whose widthwise 
length satisfies the above formula. 

3. A motor as claimed in claim 1, in which the coefficient bp is determined so that the (i x j + t)th- order 
component coincides with the (i x j - 1)th-order component of the. higher-order sine wave components of the 
magnetic flux. ^ . 

. 4. A method of trimming a torque characteristic of a motor comprising a field magnet system with a 
constant widthwise length comprising plural' permanent magnetic poles arranged in circle such that the 
adjacent two permanent magnetic poles have opposite polarity to each other, and an armature with plural 
poles, the top end surface of each of the poles facing the magnetic poles of the field magnet system, said 
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; method comprising the steps of:, 
measuring the distribution of the magnetic flux generated by the field magnet system relative to the 
rotational angle of the amnature; 

evaluating the harmonic wave components of the magnetic flux generated by the field magnet system by 
5 expanding In a series a function expressing the distribution curve of the magnetic flux: 

measuring the cogging torque generated by the field magnet system relative to the rotational angle of the 
armature; 

examining the relationship between the harmonic wave conponents of the magnetic flux and the cogging 
torque; and 

10 adjusting the widthwise length of the magnetic flux generating area of the field magnet system by 
incorporating Into the widthwise length the variation corresponding to the selected harmonic wave compo- 
nents which cause the cogging torque to be eliminated. 
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FIG. 1(a) 
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FIG. I (c) 
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FIG. 6 
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FIG. 10. 
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